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[57) ABSTRACT

A spool of a lock-up control valve has a first effective
area exposed to a release pressure which is supplied to a
release chamber of the lock-up clutch and a second
larger effective area which is exposed to the apply pres-
sure which is supplied to an apply chamber. When ac-
celeration is demanded when the lock-up clutch is in
one of slip or fully lock-up modes and a sudden demand

. for acceleration is made, the pressure differential be-

tween the apply and release pressures is reduced below
the normal level for a predetermined period of time.
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LOCK-UP CLUTCH PRESSURE CONTROL
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a hydraulic
control system for an automatic automotive type trans-
mission and more specifically to a lock-up clutch con-
trol arrangement for use with such a system.

2. Description of the Prior Art

JP-A-61-206868 discloses a lock-up control arrange-
ment wherein engine load as indicated by engine throt-
tle valve opening degree and vehicle speed are used to
determine when a lock-up clutch should be fully re-
leased and induce a so-called open converter mode of
operation, when the clutch should be partially engaged
to induce what is referred to as slip lock-up and when
the clutch should be strongly engaged to produce what
shall be referred to as full lock-up.

However, with this type of arrangement, a drawback
has been encountered in-that during the slip or full
lock-up modes of operation, if the accelerator pedal is
subject to a sudden change in depression degree, the
instant lock-up status is maintained until predetermined
engine load/vehicle speed requirements are satisfied
and the driver is unable to obtain the acceleration char-
acteristics which would be expected for the given
amount of pedal depression in response to the pedal
depression.

That is to say, due to the load on the engine, when
there is a delay between the actual change in throttle
position induced by the accelerator pedal depression
and the actual change in the engine speed.

In the case in which the solenoid valve which con-
trols the Jock-up is subject to electronic control, during
slip or full lock-up modes of operation, it has been pro-
posed that the rate at which the throttle opening
changes be predetermined and if this rate exceeds a
predetermined value, the lock-up clutch is conditioned
to assume a fully released condition.

However, with this type of proposal, if a fail safe step
is included, the control program is rendered undesirably
complex and increases the production costs.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
improved lock-up control arrangement which simplifies
the control arrangement, reduces production and main-
tenance costs, and exhibits suitable accelerator pedal
depression/response characteristics without the need to
resort to complex cost increasing control program soft-
ware. .

In brief, this object is achieved by an arrangement
wherein a spool of a lock-up control valve has a first
effective area exposed to a release pressure which is
supplied to a release chamber of the lock-up clutch and
a second larger effective area which is exposed to the
apply pressure which is supplied to an apply chamber.
When acceleration is demanded when the lock-up
clutch is in one of the slip or fully locked-up modes and
a sudden demand for acceleration is made, the pressure
differential between the apply and release pressures is
reduced below the normal level for a predetermined
period of time.

More specifically, the present invention is provided
in a transmission which features: an input element in a
drive connection with a prime mover; and output ele-
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ment in a drive connection with a gear train; a lock-up
clutch operatively arranged between the input element
and the output element, the lock-up clutch including an
apply chamber in which an apply pressure is supplied
and a release chamber in top which a release pressure is
supplied, the lock-up clutch being responsive to the
pressure differential which exists between the apply
pressure and the release pressure in a manner to induce
one of a released condition, a partially engaged condi-
tion, and a fully engaged condition; and pressure con-
trol means for controlling the pressure differential, the
pressure control means including means for detecting a
demand for acceleration and for reducing the pressure
differential between the apply and release pressures
below a normally required value for a predetermined
time following the initiation of the acceleration demand.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a lock-up control arrangement accord-
ing to a first embodiment of the present invention;
FIG. 2 is a flow chart depicting a main control rou-

_ tine which is used in connection with the control of the
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first embodiment;

FIG. 3 is a flow chart which depicts a slip lock-up sub
routine which is run in connection with the present
invention;

FIG. 4 is a graph showing the various operation
zones in terms of engine load and vehicle speed;

FIG. 5 is a schematic diagram showing the concept
used in connection with the lock-up control valve ac-
cording to the present invention; and

FIG. 6 shows a second embodiment of the present
invention. '

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a first embodiment of the present inven-
tion. In this arrangement, a torque converter 1 is opera-
tively connected with a prime over such as an internal
combustion engine (not shown) and includes a pump
impeller 2 (input element); a turbine runner 3 (output
element); a one way clutch 4; and a stator § which is
operatively connected to a case by way of the one-way
clutch 4. The pump impeller 2 and the turbine runner 3
are arranged to be selectively connected by a lock-up
clutch 6. A clutch damper 7 which includes a torsion
spring is operatively interposed between the turbine
runner 3 and the lock-up clutch 6 in order to attenuate
large torque fluctuations which tend to occur during
lock-up.

The hydraulic control arrangement via which the
lock-up clutch 6 is controlled is fluidly communicated
with a lock-up clutch apply chamber 8 (hereinafter
referred to as an “apply chamber”) and a lock-up clutch
“release chamber 9 (hereinafter referred to as a release
chamber”) of a thinly configured chamber arrange-
ment, by way of apply pressure and release pressure
conduits 10, 11. The conduit 10 transmits an apply pres-
sure Pr/4 while conduit 11 transmits a release pressure
Pr/r from a lock-up control valve 12. The arrangement
further includes a torque converter (T/C) relief valve
13 which regulates a basic pressure (P7) to a predeter-
mined maximum level; a lock-up solenoid valve 14
which modulates a supply of pilot pressure Ppto form a
solenoid pressure Psoz.z v in response to an externally
applied duty signal; and a switching valve 15 which is
supplied with both pilot pressure Ppand line pressure
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P; and which supplies line pressure to the lock-up con-
trol valve 12 in place of pilot pressure when full lock up
is required.

The lock-up control valve 12 controls the pressure
levels which determine if the lock-up clutch is released,
conditioned for slip lock-up, or conditioned to produce
full lock-up. This valve comprises a bore 124 in which
a spool 12b is reciprocatively disposed and subject to a
bias by a spring 12c. The bore is formed with ports
124-12k. The spool is formed with an effective areas
Aj-A4 which are respectively acted on by solenoid,
converter, apply and release pressures.

In this arrangement, the area A; which is exposed to
the apply pressure is larger than the area A4 which is
exposed to the release pressure, as seen also in FIG. 5.

The port 124 is supplied with solenoid pressure from
the lock-up solenoid valve 14 via a conduit 18; the port
12¢ is used as a drain; the port 12¢g communicates with a
torque converter pressure conduit 16; the port 12/ com-
municates with the apply pressure conduit 10; the port
12/ communicates with the oil cooler 17; the port 12/
communicates with a switching pressure conduit 19 into
which one of line pressure and pilot pressure are sup-
plied.

The release valve 13 comprises a valve bore 134 in
which a spool 135 and a spring 13c are disposed. As will
be readily appreciated, when the bias produced by the
torque converter pressure PT exceeds that produced by
the spring 13c, a drain port is opened to relieve the
excess.

The lock-up solenoid valve 14 is arranged so that
when the solenoid 20 is de-energized (OFF) the port
124 is supplied with plot pressure Pp while when ener-
gized (ON), the port 124 is connected with a drain.
Depending on the duty cycle of the signal applied to the
solenoid 20, the level of solenoid pressure Psos s, v
which is supplied to the port 124 is variable between the
above mentioned limits.

The switching valve 15 comprises a bore 154, a spool
15b and a spring 15¢. The bore if formed with ports
154-15h. The port 154 communicates with the solenoid
pressure conduit 18, the port 15¢ communicates with a
pilot pressure conduit 25, the port 15/ communicates
with the switching pressure conduit 19, the port 15g
communicates with a line pressure conduit 26 and the
port 154 acts as a drain.

The solenoid 20 is operatively connected with an
A/T control circuit (ACTU) 21 which received data
inputs from a plurality of sensors such as an engine
speed sensor 22, a transmission output shaft rotational
speed sensor 23 and a throttle valve position sensor 24.
The outputs Ne, No and TH of these sensor are applied
to the ATCU wherein they are processed (using a suit-
able program) in a manner to determine which mode of
operation the lock-up clutch should be conditioned to
produce. In accordance -with this decision, the duty
cycle of the signal applied to the solenoid is determined.
For example, the schedule shown in FIG. 4 can be used
to used following a 3-4 upshift to determine which
mode of operation would be implemented and when.
After the appropriate mode is ascertained, a suitable
driver circuit can be induced to output a signal having
a duty cycle which will induce the switching valve 13
to output the required pressure to the lock-up control
valve 12.

It will be noted that the output of the throttle valve
position sensor 24 can be monitored in a manner which
reveals sudden changes in the vehicle acceleration
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4
pedal depression degree and the rate at which the
changes take place. OPERATION

FIG. 2 depicts in flow chart form, a main control
routine which is used in connection with the control of
the above described arrangement. FIG. 3 depicts a sub
routine which is used to increase and decrease the duty
cycle between the values for open and full lock-up
mode of operation.

In connection with FIG. 2, the first step of the routine
depicted therein such as to read in engine load and
vehicle speed data. This can be achieved by sampling
the outputs of the throttle valve position sensor 24 and
the transmission output shaft rotational speed sensor 23.
At step 32, this data is used to determine what lock-up
clutch condition is required under the instant set of
operating conditions. In other words, this step is such as
to determine if a torque converter mode (no lock-up) is
required or not. If no lock-up is required, then the rou-
tine flow to step 33 wherein a command to set the duty
cycle to 0% is issued. This of course is such as to de-
energize the solenoid (OFF) and thus induce the situa-
tion wherein full level pilot pressure Ppis supplied to
the ports 124 and 154.

On the other hand, if the outcome of step 32 is such as
to indicate that a torque converter mode is not required,
then the routine flows to step 34 wherein the instant
engine speed and vehicle speed values are used in con-
nection with mapped data of the nature shown in FIG.
4 to determine if the lock is required or not. In the event
that full lock-up is indicated as being the appropriate
mode of operation, the routine flows to step 35 wherein
a command is made to raise the duty cycle of the signal
applied to the solenoid to 100%. This of curse induces
the solenoid 20 to remain constantly energized and
maintain the drain port of the valve 14 open. This re-
duces the pressure prevailing in ports 12d15d to zero.

However, in the event that the need for full lock-up is
not indicated, then the routine flows to step 36. In this
step, the sub-routine shown in FIG. 3 is run. This rou-
tine supervises the control of the slip lock-up mode. The
first step (40) of this sub-routine is such as to read in the
engine speed Ne, engine load TH and vehicle speed
(transmission output shaft rotational speed No.). At step
41, the slip amount AN is derived using the following
equations:

AN=Ne—Nt
=Ne —No XG

where:

Nt denotes the rotational speed of the turbine; and

G denotes the instant gear ratio.

At step 42, it is determined if the instant slip ration
AN is compared with a target slip ratio value ANo.
Depending on the outcome of this comparison the duty
cycle is either incrementally increased or maintained at
the instant value. That is to say, in the event that the
value of AN is = ANo+oe —oe then the routine flows to
step 43 wherein a command to hold the duty cycle at its
current value is issued. However, if AN is >ANo+o0e
then the routine goes to step 45 wherein a command to
increase the duty cycle by a predetermined amount (by
way of example) is issued. On the other hand, if AN
< ANo—ce then the routine goes to step 46 wherein a
duty cycle reduction command is issued.
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As will be appreciated, after one or more runs of the
instant sub-routine the value of AN will brought in the
predetermined range of ANo.

During slip and full lock-up modes of operation and
acceleration is demanded, the engine torque is increased 5
in response to the accelerator pedal depression along
with the level of the line pressure Py, the latter being
increased to ensure that the friction elements of the
transmission are adequately engaged.

Under these conditions, the prior art arrangement
discussed previously is such that the apply pressure
Pr/4 and the release pressure Pr/g are adjusted via
feedback control in a manner to increase the value of
AP along with the engine torque and thus enable rela-
tive slippage in the lock-up clutch.

However, in this case if the slip lock-up or full lock-
up mode is maintained irrespective of the driver having
depressed the accelerator pedal in a manner which de-
mands acceleration, the engagement of the clutch de-
lays the required increase in engine speed and the result-
ing vehicle acceleration tends to be less than expected.

Thus, when the accelerator pedal is depressed, if the
slip lock up mode of operation is currently being used
the amount of slip is increased, or in the event of a full
lock-up mode, the clutch is released for a fixed period of
time. 7

In order to achieve the above, a basic feature of the
present invention is to use a control valve other than the
type which tends to reduce the AP value in response to
an increase in lien pressure and thus avoid the need to
resort to special program software or changing the
basic control program via which the value of AP is
feedback controlled, to achieve the desired acceleration
characteristics.

That is to say, as shown in FIG. 5, where slip lock-up
conditions are induced the following relationship can be
considered to exist '
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Ay X Psor.L/U + A2 X Prya + Fs = A3 X Pp + As X Pr/R

i
Pr/R = —— {4y X Psor.r/v + A2 X Pr/4 + Fs — A3 X Pp}
Therefore the pressure differential AP is given by:

AP = Prj4 — PT/R = Al—z {44 ~ 42) Prya +
A3Pp — A1PsoL1/y — Fs} 0

However, Ppand Fgare fixed, accordingly:

Az Fs

T Pp — T = C (a constant)

whereby

_ Ay — Az Ay 1) 60

AP 4 Fria— g FsoLLv+ €

According to equation (1) if (A4 — A2)/A4>0, then if
the lien pressure PL level increases, the level of the
apply pressure P7y4increases relatively and the value of 65
AP also increases. On the other hand, if (A4—A2)-
/A4<0, in the event that the lien pressure level in-
creases, then the AP level decreases relatively. Further,

6
the value of (A4— A2)/A4 determined the amount by
which AP changes. ‘

Accordingly, while it is understood that setting A4
< A2 is preferred, a problem comes in the degree by
which the ration of A4 to A2 need be determined. Viz.,
if the difference is too big, then during open converter
modes of operation when the accelerator pedal is re-
turned, the AP value becomes excessively large and
lock-up occurs while a ration less than 0.5 is deemed
appropriate.

In the instant embodiment, in view of the above, the
apply pressure area A2 is set to be larger than the re-
lease pressure area A4 and thus establish the (A4—A2)-
/A4 <0 relationship. Accordingly, if the accelerator
pedal is depressed during either slip or full lock-up
modes of operation, then the value of AP reduces with
an increase in line pressure P; and the amount of slip is
increased or lock-up is released. This induces an im-
provement in acceleration characteristics.

After acceleration, when the accelerator pedal is
returned to a cruising degree of depression, the level of
line pressure Py reduces and AP returns to its original
value thus restoring the slip or full lock-up condition.

With the above arrangement the following merits are
achieved:

[1] If the accelerator pedal is depressed at a rate
which exceeds a predetermined value, while the lock-
up clutch is conditioned to produce one of slip or full
lock-up, the pressure differential AP which exists be-
tween the apply and release pressures Pr/4, Pr/g is
reduced below the level normally required for either
the slip or full lock-up modes of operation for a prede-
termined period of time. As a result, good acceleration
can be achieved even though the one of the slip or full
lock-up modes of operation were employed at the time
the acceleration was demanded.

[2] As the level of the line pressure is varied in re-
sponse to the sensed accelerator pedal depression de-
gree, the pressure differential areas of the lock-up con-
trol valve spool 126 are set so that when the line pres-
sure increases the AP value decreases and there is no
need to invest in expensive control program software.
This reduces cost and eliminates the need for mainte-
nance.

It will be appreciated that the construction and ar-
rangement of the present invention is not limited to the
above described embodiment and that various changes
may be implemented without deviating form the scope
of the same. For example, a second embodiment shown
in FIG. 6 is such that the switching valve 15 is replaced
with a full lock-up control valve 15A and a slip lock-up
control valve 15B. The construction of the lock-up
control valve 12’ is modified in a manner wherein port
12j is replaced with ports 121, 12m and 127. In this case
during open converter operation, neither conduits 19A,
19B are supplied with pilot pressure. On the other hand,
when slip lock is required, only conduit 19A is pressur-
ized, while in the case of full lock-up both are supplied
with pilot pressure. This enables the same pressure to be
applied to three different pressure responsive areas, one
for each of the three modes of operation.

What is claimed is:

1. In a transmission

an input element in drive connection with a prime

mover;

an output element in drive connection with a gear

train;
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a lock-up clutch operatively arranged between said
input element and said output element, said lock-up
clutch including an apply chamber in which an
apply pressure is supplied and a release chamber
into which a release pressure is supplied, said lock-
up clutch being responsive to the pressure differen-
tial which exists between said apply pressure and
said release pressure in a manner to induce one of a
released condition, a partially engaged condition,
and a fully engaged condition;

pressure control means for controlling the pressure
differential, said pressure control means including
means for detecting a demand for acceleration and
for reducing the pressure differential between said
apply and release pressures to a pressure below a
normally required value for a predetermined per-
iod following the initiation of the acceleration de-
mand; wherein said pressure control means com-
prises:

a lock-up clutch valve for controlling the supply of
apply pressure to said apply chamber and the sup-
ply of release pressure to said release chamber, said
lock-up clutch control valve including a spool, said
spool having a first effective area against which
said apply pressure acts and a second effective area
against which said release pressure acts, said first
effective area being larger than the second effec-
tive area and arranged to produce a bias which acts
in a first direction when exposed to said apply
pressure, said second effective area being arranged
to produce a bias which acts in a second direction
when exposed to said release pressure;

a solenoid valve for producing a first variable level
control pressure; and

switching valve means, said switching valve means
being responsive to the variable level pressure pro-
duced by said solenoid valve and arranged to sup-
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8

ply a second control pressure to the lock-up clutch
control valve; and

a source of line pressure and a source of constant

level pilot pressure, said solenoid valve selectively
reducing the pilot pressure to form said firs vari-
able level control pressure, said lien pressure and
said pilot pressure being supplied to said switching
valve, said switching valve being arranged to be
responsive to said first variable level control pres-
sure in a manner wherein, when said first variable
level control pressure is below a predetermined
level said switching valve supplies pilot pressure to
said lock-up control valve as said second control
pressure and supplies lien pressure to said lock-up
control valve when the level of said first variable
control pressure reaches said predetermined level.

2. A transmission as claimed in claim 1 further com-
prising a source of pilot pressure, said pilot pressure
exhibiting a constant pressure level, said pilot pressure
being supplied to said switching valve as a source of
said second control pressure, and to said solenoid valve,
said solenoid valve selectively reducing the pilot pres-
sure to form said first variable level control pressure.

3. A transmission as claimed in claim 1 wherein said
first variable level control pressure is supplied to said
lock-up clutch control valve and used to produce a
third bias which tends to move said spool in a first
direction, and wherein said second control pressure
which is supplied to said lock-up control valve tends to
produce a fourth bias which acts in a direction opposite
to that in which said third bias acts.

4. A transmission as claimed in claim 1 further com-
prising a source of torque comverter pressure, said
torque converter pressure source being fluidly commu-
nicated with said lock-up control valve and used as a
source of said apply and release pressures, said torque
converter pressure source being arranged to limit the
level of said torque convert pressure to a predetermined

maximum level.
* * * * *



